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Objective: The aim of the study was to compare the sonographic characteristics of the cesarean section
(CS) scar 6 weeks and 6 months after operation. We tested the hypothesis that the dehiscence risk co-
efﬁcient (DRC) measured 6 weeks and 6 month after CS does not change.
Materials and Methods: A prospective longitudinal study was conducted in 43 primiparous women
delivered by CS. The thickness of the myometrium proximal and distal to the CS scar, and the thickness of
the CS scar were measured transvaginally. The severity of the CS scar defect was evaluated using the DRC.
Results: The cut-off value (5th percentile) for the CS scar thickness and for DRC was 3.0 mm and 0.25,
respectively. Statistical analysis revealed a signiﬁcant correlation between DRC 6 weeks and 6 months
after CS (correlation coefﬁcient r ¼ 0.97).
Conclusion: DRC can describe the defect of the CS scar adequately by the end of the puerperium.
Copyright © 2016, Taiwan Association of Obstetrics & Gynecology. Published by Elsevier Taiwan LLC. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).Introduction
The frequency of cesarean section (CS) delivery is increasing, as
well as the complications associatedwith abnormal scar healing [1].
Consecutive pregnancies are associatedwith an increased risk of
abnormal placental implantation (placenta praevia, accreta),
ectopic pregnancy in CS scar, and uterine rupture [2]. These path-
ological conditions are associated with an increased risk of mor-
tality or severe morbidity of the mother and neonate [3].
Morphological changes of the uterine wall can be monitored by
sonographic visualization and biometry, but only a few sonographic
studies provide data about healing of the CS scar in the 1st month
after CS [4,5]. Morphological changes of the CS scar have been
evaluated using hysterography, transabdominal ultrasound, vaginal
ultrasound, and magnetic resonance imaging [6]. Authors of these
studies concluded that complete healing of the CS scar takes at least
6 months and therefore the evaluation of the scar should be done
after this period.and Obstetrics, First Faculty
niversity, Prague, Apolinarska
bstetrics & Gynecology. PublishedThe aim of our study was to compare ultrasound measurements
of the CS scar 6 weeks and 6 months after CS using the dehiscence
risk coefﬁcient (DRC) [1]. Our hypothesis was that pathologic ﬁnd-
ings at 6 weeks after delivery will stay abnormal after 6 months,
which would allow early recognition of abnormal uterine healing.
Methods
Study populations
From June 2011 to December 2012, 43 primiparous womenwho
consecutively delivered by CS were enrolled in this prospective
longitudinal study. The inclusion criteria were as follows: (1)
singleton pregnancy; (2) single-layer uterotomy closure; (3) all CS
performed by one skilled surgeon; (4) all ultrasoundmeasurements
performed by a single operator; and (5) ﬁrst CS. Exclusion criteria
were: (1) other uterotomies and (2) insulin-dependent diabetes.
Our study protocol was approved by the hospital ethics committee
and the patients provided written informed consent.
Ultrasound examination
Ultrasound examinations were performed transvaginally at
6 weeks and 6 months after CS in all 43 women. All scans wereby Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND license
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(GE Healthcare, Zipf, Austria) and 5e9 MHz transvaginal (RIC 5-9)
transducer. The thickness of the myometrium proximal and distal
to the CS scar and the thickness of the scar were measured. To
quantitate the severity of the scar defect, we deﬁned a “DRC”, which
is calculated as a ratio between the thickness of the scar (s) and the
thickness of the myometrium adjacent to the defect [mean thick-
ness of the myometrium proximal (pm) and distal (dm) to the scar]
(Figure 1) [1]:
DRC ¼ s/(pm þ dm)  0.5. (1)
CS
Standard antibiotic prophylaxis consisting of 2g cefazolin was
administered to each woman intravenously immediately after
birth of the neonate. The uterus was opened by digital stretching of
the transverse lower uterine segment incision, located above the
unprepared uterovesical fold. Uterotonics (5 IU units of oxytocin)
were given intravenously as a bolus, before manual removal of the
placenta. The uterine incision was sutured with a single layer of
running absorbable triclosan-coated polyglactin 910 suture (Vicryl
Plus 0, Ethicon, Belgium, Diegem). Thorough cleansing of the
abdominal cavity using a suction unit was performed. The visceral
peritoneum and the parietal peritoneum were not closed. The
urinary bladder was catheterized with a Foley catheter for
24 hours after surgery. All CS were performed by a skilled surgeon
(E.D.). Urgent CS was deﬁned as an intrapartum CS with regular
uterine contractions (> 1 in 10 minutes). Elective CS was per-
formed prior to labor.
Statistical analysis
Statistical analysis was performed using PASW Statistics 18
(SPSS Inc., Chicago, IL, USA). Descriptive statistics are presented as
mean values with standard deviation or median with interquartile
range. Categorical data are presented as total numbers with per-
centages. The Bland-Altman approach was used to assess the
agreement between ultrasound measurements and DRC 6 weeksFigure 1. Sagital plane of the uterus obtained transvaginally 6 weeks after cesarean section (
(C) distal to the CS scar.and 6 months after CS, respectively. The statistical signiﬁcance of
differences in accuracy of DRC 6 weeks and 6 months after CS was
determined usingMcNemar's test. A percentile deﬁnition of normal
was used to express the normal range for CS scar thickness and
DRC. The cut-off value for the CS scar thickness and for the DRC was
speciﬁed as the 5th percentile. Values for the CS scar thickness and
for the DRC below the 5th percentile may be considered abnormal
[1]. A p value < 0.05 was considered statistically signiﬁcant.Results
Statistical analysis of demographic and clinical data revealed the
following results: the median age of patients was 29 years (range,
23e40 years), mean birth weight of the neonates was 3290 g (±
492 g), median gestational age 40 years (39e41 years). Of the 43
women, 13 (30.2%) had undergone acute CS and 30 (69.8%) had
undergone elective CS.
All 43 women underwent two transvaginal ultrasound exami-
nations, ultrasound measurements of the CS scar, myometrium
thickness proximal and distal to the CS scar, and mathematical
explanation of the DRC.
Statistical analysis revealed a signiﬁcant correlation between
scar thickness 6 weeks and 6 months after CS (r ¼ 0.94). The ul-
trasoundmeasurements of the CS scar thickness at 6 weeks after CS
differed from the measurements at 6 months after CS by 0.08 mm
[95% conﬁdence intervals (CI), from 0.22 mm to 0.39 mm). The
95% limits of agreement ranged from 0.21 mm to 0.37 mm. This
meant that the measurements of the CS scar thickness obtained at
6 weeks after CS were likely to be within 0.21 mm to 0.37 mm of
the measurements obtained at 6 months after CS 95% of the time.
No statistically signiﬁcant correlation was found between mea-
surements of the myometrial thickness proximal (r ¼ 0.78) and
distal (r ¼ 0.81) to the CS scar. On average, measurements of the
myometrial thickness proximal to the CS scar at 6 weeks after CS
differed from the measurements at 6 months after CS by0.44 mm
(95% CI, from 0.95 to 0.06 mm) and measurements of the myo-
metrial thickness distal to the CS scar at 6 weeks after CS differed
from the measurements at 6 months after CS by 0.2 mm (95% CI,
from 0.68 mm to 0.28 mm).CS). (A) The thickness of the CS scar, (B) the thickness of the myometrium proximal and
Table 1
Relationship between dehiscence risk coefﬁcient obtained 6 weeks and 6 months
after Cesarean section.
6 Weeks 6 Months Odds ratio (95% CI) pa
DRC  0.25 39 (90.7) 40 (93.1) 0.96 (0.61e1.49) 0.91
DRC  0.25 4 (9.3) 3 (8.9)
Data are presented as n (%).
a Statistical signiﬁcance of differences between ultrasound measurements
(McNemar's test).
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6 weeks and 6 months after CS (r ¼ 0.97). DRC 6 weeks after CS
differed from the DRC 6months after CS by 0.01 (95% CI, from0.01
to 0.03) and the 95% limits of agreement ranged from0.12 to 0.09.
The cut-off values (5th percentile) for the CS scar thickness and
for the DRC were 3.0 mm and 0.25, respectively. At DRC < 0.25 we
elected to consider a severe scar defect.
Six weeks after CS, a severe scar defect was present in 4/43
(9.3%) patients and 6 months after CS, in 3/43 (8.9%) of the patients.
The McNemar's test revealed the two-tailed p value equals 0.91
(odds ratio, 0.96, 95% CI, 0.61e1.49). By conventional criteria, this
difference is considered to be not statistically signiﬁcant (Table 1).
The three patients with a severe scar defect at 6 months were
among the four with a severe scar defect at 6 weeks after CS.
Discussion
In this prospective longitudinal study of results of the assess-
ment of healing of the CS scar 6 weeks and 6 months after the CS,
we found a signiﬁcant correlation between scar thickness and DRC
6 weeks and 6 months after CS. Thickness of the myometrium
proximal and distal to the CS scar, measured 6 weeks and 6 months
after CS, were hardly different. Therefore we suggest that the CS
scar thickness and DRC are reliable markers of the successful
healing of the CS scar at the end of the puerperium, although the
healing process has not ended [7,8]. Hysterographic examination
and magnetic resonance imaging concluded that relevant exami-
nation of the CS scar area is not feasible before 6 months after CS
because of wound edema early after CS [6]. In our study, we
demonstrated the feasibility of the examination of the CS scar re-
gion with the use of the DRC and measurement of the scar
thickness.
Despite the fact that the histologic healing of the CS scar takes a
minimum of 6 months [7,8], the anatomy of the uterus returns to
the nonpregnant state during the ﬁrst 6 weeks after delivery and
thereforewe demonstrated with use of DRC that severe scar defects
can be diagnosed already 6 weeks after cesarean section. A severe
scar poses further risk of life threatening complications inconsecutive pregnancies [9]. Albeit a thin scar can be recognized at
6 weeks or 6 months, the predictive utility (for dehiscence, adhe-
sion formation, pelvic pain) of the ﬁnding is currently unknown.
Follow-up studies likely will require large numbers of subsequent
pregnancies to compare thin versus thick scar outcomes, because in
general, dehiscence and rupture is historically rare. It may be also
associated with chronic maternal morbidity, caused by adhesions,
chronic pelvic pain, and irregular bleeding [10,11].
According to our results, we can conclude, that the ultrasound
assessment of the quality of the CS scar healing process is already
feasible at 6 weeks after CS. Women with abnormal healing of the
SC scar can be referred for further evaluation regarding the po-
tential gynecologic problems and possible pregnancy hazards in
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